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Abstract 

Background: Severe dehydration is generally believed to be a cause of significant hyperbilirubinemia in newborn 
babies. This study aimed to analyze the weight loss of healthy term newborn infants at 24, 48 and 72 hours after 
birth to predict significant hyperbilirubinemia at 72 hours. 

Methods: From January 2007 to December 2008, we conducted this retrospective chart review by measuring total 
bilirubin (transcutaneous and serum) in 343 healthy, term newborns with a birth body weight of more than 2500 g. We 
then analyzed the association between body weight loss (BWL) and significant hyperbilirubinemia (total bilirubin more 
than 15 mg/dL) 72 hours after birth. Receiver operating characteristic curves were used to evaluate the appropriate cutoff 
BWL percentages on the first three days after birth for the prediction of neonatal hyperbilirubinemia 72 hours after birth. 

Results: A total of 1 15 (33.5%) neonates presented with significant hyperbilirubinemia 72 hours after birth, and the 
percentages of BWL on the first three days were all higher than those in the non-significant hyperbilirubinemia group 
(all p < 0.05). Breastfeeding was not statistically correlated with significant hyperbilirubinemia (p=0.86). To predict 
significant hyperbilirubinemia 72 hours after birth, receiver operating characteristic curve analysis showed that the 
optimum cutoff BWL percentages were 4.48% on the first day of life (sensitivity: 43%, specificity: 70%, positive likelihood 
ratio [LR + ]: 1.43, and negative likelihood ratio [LFT]: 0.82), 7.60% on day 2 (sensitivity: 47%, specificity: 74%, LR + : 1.81, 
LFT: 0.72), and 8.15% on day 3 (sensitivity: 57%, specificity: 70%, LR + : 1.92, LR": 0.61) (all p < 0.05). 

Conclusions: BWL on the first three days after birth may be a predisposing factor for neonatal hyperbilirubinemia, and 
may also serve as a helpful clinical factor to prevent significant hyperbilirubinemia 72 hours after birth. The optimal BWL 
cutoff percentages on the first three days after birth presented in this study may predict hyperbilirubinemia and 
indicate the need for supplementary feeding. 
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Background 

Sixty to 80% of healthy, full-term infants are expected to 
present with idiopathic neonatal jaundice in the initial 
postnatal period [1]. Idiopathic neonatal jaundice is at- 
tributed to an increased breakdown of heme, immature 
liver function, low amount of intestinal bacteria, increased 
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enterohepatic circulation of bilirubin and inadequate 
intake [2] . Indicators of inadequate intake include 4 to 6 
thoroughly wet diapers in 24 hours, and the passage of 
3 to 4 stools per day by the fourth day. In addition, the 
stools of adequately breastfed infants should change 
from meconium to a mustard yellow, mushy stool by 
the third to fourth day. These assessments help to iden- 
tify breastfed infants who are at risk of dehydration 
because of inadequate intake, however it is relatively 
subjective due to individual differences [3]. Compared 
to other methods, body weight loss (BWL) percentage is 
an objective and useful tool that may indicate when 
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interventions such as supplemental feeding should be 
considered. 

Previous studies have suggested that 7% to 10% BWL 
by day 3 in fully breastfed infants is abnormal neonatal 
BWL [4,5]. However, there are conflicting opinions 
about what constitutes normal neonatal BWL, and 
about when supplemental feeding should be consid- 
ered to prevent significant hyperbilirubinemia. The 
aim of this study was to analyze the optimum cutoff 
values of BWL percentages in the first three days after 
birth to predict neonatal hyperbilirubinemia 72 hours 
after birth. 

Methods 

Patient population 

We conducted a retrospective chart review of all neonates 
with a gestational age of more than 37 weeks and a birth 
body weight (BW) of more than 2500 g from January 2007 
to December 2008 at a medical hospital. The exclusion 
criteria were a history of birth trauma, cephalohematoma, 
instrumental delivery, exposure to certain medications 
(mother or baby), history of gestational diabetes, early 
onset hyperbilirubinemia (less than 48 hours), pathological 
neonatal jaundice (including hemolysis, glucoses-phos- 
phate dehydrogenase deficiency, congenital infections, 
and congenital hypothyroidism), prenatal asphyxia, ma- 
jor organ anomalies, small for gestational age infants 
and infants who were exclusively formula fed. 

In total, 166 neonates were excluded due to pathological 
neonatal jaundice (n = 42), early onset hyperbilirubinemia 
(n = 10), neonatal infections (n = 37), cephalohematoma 
(n = 7), prenatal asphyxia (n = 3), major organ anomalies 
(n = 2), and 65 who were discharged home within 2 days 
after birth. Three hundred and forty-three newborns were 
enrolled in further analysis. Gestational age was not ana- 
lyzed, as the gestational age of all infants in the study was 
greater than 37 weeks, and most infants were around 39 
to 40 weeks. 

The study was approved by the institutions Human 
Subjects Review Committee of Asia University in cen- 
tral Taiwan. 

Methods of analysis 

The following variables were analyzed: gender, gesta- 
tional age, birth BW, BW on the first day (24 hours) 
after birth (day 1), BW on the second day (48 hours) 
after birth (day 2), BW on the third day (72 hours) after 
birth (day 3), BWL/percentage on day 2 and day 3, feed- 
ing style (exclusively breast fed or mixed feeding), deli- 
very method (normal spontaneous delivery or cesarean 
section), and total bilirubin level on day 3. 

Exclusive breast feeding is the optimal initial feeding 
style for infants according to the WHO treatment guide- 
lines. However, when there was insufficient breast milk 



formula was given, and the feeding style was classified as 
mixed feeding. 

Transcutaneous total bilirubin was routinely checked 
in all infants using a transcutaneous device (BiliChek, 
Respironics, USA), and total serum bilirubin (TSB) was 
checked by heel stick for blood sampling (direct spec- 
trophotometric method) when the infants presented with 
a transcutaneous bilirubin level of more than 15 mg/dL. 
The infants were divided into two groups: the significant 
hyperbilirubinemia group (total bilirubin level greater 
than 15 mg/dL 72 hours after birth) [6,7], and the non- 
significant hyperbilirubinemia group (total bilirubin 
level < 15 mg/dL 72 hours after birth). The infants in 
the significant hyperbilirubinemia group were admitted 
for phototherapy. The correlations between BWL per- 
centage within the first 3 days and the total bilirubin 
level 72 hours after birth were analyzed separately. We 
further analyzed the correlations between the TSB level 
and related clinical parameters. 

Statistical analysis 

All statistical analyses were performed using Yate s cor- 
rection of contingency, £-test, Mann-Whitney U test, 
Spearman's rank correlation, and receiver operating 
characteristic (ROC) curves. Because some data did 
not meet the normal assumption after a normal distri- 
bution test of the continuous variables, Spearman's 
rank correlation was chosen. The results of the des- 
criptive analyses of the independent variables were 
reported as percentages and mean ± standard deviation 
(SD). The differences between the groups were pre- 
sented as 95% confidence intervals (CIs). Probability 
levels less than 0.05 were considered to be significant. 
Interobserver agreements in analyzing the scores of the 
two scoring systems were calculated by kappa statistics. 
We also examined the test parameters, including sensi- 
tivity, specificity, area under the ROC curve (AUC), 
positive likelihood ratio (LR + ), and negative likelihood 
ratio (LR~) at the various cutoff values. The AUC, cal- 
culated using the trapezoidal rule, was considered as a 
global measure of the diagnostic value of that param- 
eter. LR + and LR~ were calculated for the best cutoff 
values. The criterion value indicated the value cor- 
responding to the highest accuracy (minimal false- 
negative and false-positive results). Statistical analyses 
were performed using SPSS software (version 15.0; 
SPSS Inc., Chicago, IL, USA). 

Results 

During the study period, 343 neonates with a gestational 
age of more than 37 weeks and a birth BW above 2500 g 
were analyzed. The mean birth BW was 3119 ± 352 g, 
and the mean BWL percentage on day 3 was 7.07 ± 2.82%. 
The mean TSB level 72 hours after birth was 13.39 ± 
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Table 1 Differences between the two hyperbilirubinemia groups 



Non-significant hyperbilirubinemia (n = 228) Significant hyperbilirubinemia (n = 1 1 5) P value 



Female 


120(52.6%) 


64(55.7%) 0.596 a 


Male 


108(47.4%) 


51(44.3) 


BW 


31 19.45 ±356.43 


31 19.3 ±344.46 0.935 c 


Day 1 BW (g) 


3006.05 ±344.10 


2990.09 ±335.45 0.746 c 


Day 2 BW (g) 


2922.46 ±335.86 


2890.09 ± 329.5 0.423 c 


Day 3 BW (g) 


291 9.08 ±339.02 


2857.87 ±331.55 0.1 32 c 


Day 1 BWL percentage 


3.62 ± 1 .95 


4.1 4 ±1.80 0.01 4 C 


Day 2 BWL percentage 


6.29 ±2.21 


7.37 ±1.82 < 0.001 c 


Day 3 BWL percentage 


6.4 ± 2.73 


8.4 ±2.54 < 0.001 c 


72 hours bilirubin (mg/dL) 


11.67 ±2.21 


16.8 ±1.36 < 0.001 c 


Delivery methods 






NSD 


136(59.60%) 


75(65.20%) 0.377 b 


Cesarean section 


92(40.40%) 


40(34.80%) 


Feeding methods 






Exclusively breastfed 


169(74.10%) 


87(75.70%) 0.860 b 


Mixed feeding 


59(25.90%) 


28(24.30%) 


Data shown as mean ± SD or N(%). 






a P-value by Chi-square test. 






p-value by Yate's correction of contingency. 




c p-value by Mann-Whitney U test. 






BW: bodyweight; BWL: bodyweight loss; NSD: normal spontaneous delivery. 




3.12 mg/dL. In addition, 115 neonates (33.5%) had levels 


especially the BWL percentages on day 2 and day 3 


of TSB higher than 15 mg/dL 72 hours after birth. 


(p < 0.001). The mean TSB level 72 hours after birth 


Table 1 lists the differences in variables between the 


in the non-significant hyperbilirubinemia group was 


significant and non-significant hyperbilirubinemia groups. 


11.67 ±2.21 mg/dl, and 16.8 ± 1.36 mg/dl in the sig- 


There was no difference in 


birth BW between the two 


nificant hyperbilirubinemia group. There were no 


groups. The BWL percenta 


ges within the first 3 days 


significant correlations between different methods of 


after birth all showed a significant correlation with sig- 


feeding and delivery and significant hyperbilirubinemia 


nificant hyperbilirubinemia 72 hours after birth, and 


72 hours after birth. 


Table 2 Correlation between bilirubin level 72 hours after birth and bodyweight loss percentage within the first 3 days 


72 hours Bil-T (mg/dl) Day 1 BWL percentage Day 2 BWL percentage Day 3 BWL percentage 


72 hours Bil-T (mg/dl) r 


1 




p-value 






n 


343 




Day 1 BWL percentage r 


0.149 


1 


p-value 


0.006 ** 




n 


343 


343 


Day 2 BWL percentage r 


0.305 


0.653^ 1 


p-value 


< 0.0001** 


< o.ooo r* 


n 


343 


343 343 


Day 3 BWL percentage r 


0.407^ 


0.355 0.75 1 w 1 


p-value 


< 0.0001** 


< o.ooo r* < o.ooo r* 


n 


343 


343 343 343 


Correlation analysis by Spearman's rank correlation. 




*:P<0.05 **:P<0.01. 






ltJ 0.4<r<0.7 w r>0.7. 






BW: bodyweight; BWL: bodyweight loss; Bil-T: total bilirubin level. 





Yang et al. BMC Pediatrics 2013, 13:145 
http://www.biomedcentral.com/1471-2431/13/145 



Page 4 of 7 



Table 3 The upper and lower limits of body weight loss percentage within the first three days to predict significant 
hyperbilirubinemia 72 hours after birth 

Day BWL percentage Sensitivity (%) Specificity (%) LR + LR" AUC 95% CI P-value 

Day 1 >0.431% 100.00 4.39 1.05 0.00 0.581 0.527-0.634 0.014 

> 10.1 9% 0.00 100.00 - 1.00 

Day 2 >2.97% 100.00 7.89 1.09 0.00 0.632 0.579-0.684 <0.001 

> 10.93% 0.87 100.00 - 0.99 

Day 3 >0.60% 100.00 2.63 1.03 0.00 0.703 0.652-0.751 <0.001 

> 11.33% 10.43 100.00 - 0.90 
BWL: bodyweight loss; LR: likelihood ratio; AUC: area under curve; CI: confidence interval. 



The strength of correlation among the BWL percentages 
within the first three days was identified by Spearman's 
rank correlation coefficients (Table 2). The BWL percent- 
ages on day 1 and day 2 had a weak positive correlation 
with the TSB levels 72 hours after birth, while the BWL 
percentage on day 3 revealed a highly positive correlation 
(r = 0.407). In addition, the BWL percentage on day 3 was 
strongly correlated to the BWL percentage on day 2, while 
the BWL percentage on day 2 was only moderately corre- 
lated to the BWL percentage on day 1. 

Table 3 lists the upper and lower limits of the BWL 
percentage within the first 3 days in predicting signifi- 
cant hyperbilirubinemia 72 hours after birth by ROC 
analysis and the ROC curves are shown in Figure 1(A, B, 
C). The BWL percentage on day 3 had an AUC of more 
than 0.7. The neonates with BWL percentages less than 
0.4% on day 1, less than 2.9% on day 2, and less than 
0.6% on day 3 did not get significant hyperbilirubinemia 
72 hours after birth. The infants with BWL percentages 
more than 10.2% on day 1, more than 10.9% by day 2, 
and more than 11.3% by day 3 had significant hyper- 
bilirubinemia 72 hours after birth. In addition, a BWL 
percentage of 7.60% by day 2, and 8.15% by day 3 
appeared to be the optimum cutoff points in predicting 



hyperbilirubinemia 72 hours after birth (Table 4). The cor- 
relation between body weight loss percentage within the 
first 3 days and total bilirubin levels at 72 hours after birth 
was performed by Pearson Correlation Coefficient and 
shown in Figure 2. 

Discussion 

Breastfeeding offers many benefits for neonates including 
host protection, better developmental outcomes, and de- 
creased rates of infectious diseases, infant death syndrome, 
overweight and even asthma [8-12]. However, inadequate 
breastfeeding may cause excessive weight loss during 
the first postpartum days and may be associated with 
hyperbilirubinemia [13,14]. Breastfeeding has been thought 
to be a risk factor for significant hyperbilirubinemia since 
the 1960s [15-17], and breastfed infants have been shown 
to experience a maximum BWL by day 3 with a BWL of 
6.6% compared to 3.5% for formula fed neonates [18]. This 
finding is believed to be attributable to the different com- 
ponents of mixed feeding, and may be because infants 
who receive mixed feeding have a poorer intake than those 
who are breastfed. In the current study, the healthy 
and term neonates who presented with significant 
hyperbilirubinemia 72 hours after birth had a BWL 




0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 

100-Spectfkttv- 100-Specificrty lW-Specificity 

Figure 1 ROC curves of bodyweight loss percentage on day 1 (A), day 2 (B), and day 3 (C) to predict significant hyperbilirubinemia 
72 hours after birth. 
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Table 4 Optimal cutoff points of bodyweight loss percentage within the first three days to predict significant 
hyperbilirubinemia 72 hours after birth 



Day 


BWL percentage 


Sensitivity (%) 


Specificity (%) 


LR + 


LR- 


AUC 


95% CI 


P value 


Day 1 


>4.48% 


42.61 


70.18 


1.43 


0.82 


0.581 


0.527-0.634 


0.014 


Day 2 


>7.60% 


46.96 


74.12 


1.81 


0.72 


0.632 


0.579-0.684 


<0.001 


Day 3 


>8.15% 


57.39 


70.18 


1.92 


0.61 


0.703 


0.652-0.751 


<0.001 



BWL: bodyweight loss; LR: likelihood ratio; AUC: area under curve; CI: confidence interval. 



percentage of 8.4 ± 2.54% by day 3 compared to 6.4 ± 
2.73% in the non-significant hyperbilirubinemia group. 
This finding is similar to previous studies in which 33% 
of 86 neonates with hyperbilirubinemia suffered from 
severe BWL of more than 10% [19], and 25% of 874 
newborns with hyperbilirubinemia suffered a BWL of 
8.96 ± 1.99% [20]. 

Even though many reports support the idea that breast- 
feeding induces severe hyperbilirubinemia, we found that 
breastfeeding was not statistically correlated with sig- 
nificant hyperbilirubinemia, thereby supporting the use 
of breast milk. A previous study reported that a BWL of 
more than 7% was an independent risk factor for early 
neonatal jaundice, and that infants with a BWL of more 
than 7% had a 1.4-fold increased risk of jaundice [21]. 
In the current study, the BWL percentages in the first 
three days after birth were all statistically significantly cor- 
related with significant hyperbilirubinemia 72 hours after 
birth. In particular, the BWL percentage on day 3 was a 
better predictive factor for significant hyperbilirubinemia 



72 hours after birth compared to day 1 and day 2. More- 
over, regardless of being exclusively breastfed or mixed 
fed, the BWL within the first three days seemed to be 
influenced by the BWL on the previous day. This not only 
emphasizes the importance of BWL percentage on day 2 
and day 3, but also suggests that the infants with a high 
BWL percentage on day 1 can still avoid further significant 
hyperbilirubinemia with optimal intervention. In this 
study, the order of birth (first born vs. second or third) 
was not analyzed since although the experience with 
breast feeding may influence the timing of giving extra for- 
mula milk and even the percentage of weight loss, the 
BWL was still the most objective factor regardless of how 
many babies the mother had. 

We determined two cutoff points for each BWL per- 
centage from day 1 to day 3 in order to be more easily 
applicable in a clinical setting, and to provide a point as 
to when significant hyperbilirubinemia 72 hours after 
birth can be ruled in or out. Based on the results of 
ROC analysis, the neonates with a BWL percentage on 



20 
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Figure 2 Analysis of correlation between body weight loss percentage (%) at 24, 48, and 72 hours after birth and total bilirubin levels 
(mg/dL) at 72 hours after birth. 



Yang et al. BMC Pediatrics 2013, 13:145 
http://www.biomedcentral.com/1471-2431/13/145 



Page 6 of 7 



day 1 of less than 0.43% did not progress to significant 
hyperbilirubinemia 72 hours after birth, while a BWL 
percentage of more than 10.23% on day 1 led to sig- 
nificant hyperbilirubinemia 72 hours after birth. In 
addition, the neonates with BWL percentages less than 
2.97% on day 2 and less than 0.60% on day 3 did not 
progress to significant hyperbilirubinemia 72 hours 
after birth, while those with BWL percentages of more 
than 10.93% on day 2 and 11.33% on day 3 did progress 
to significant hyperbilirubinemia 72 hours after birth. 
Primary care pediatricians should pay more attention 
to the patients in the indeterminate zone because it 
is not easy to predict significant hyperbilirubinemia 
72 hours after birth in such cases. In addition, the 
physicians should attempt to persuade family members 
to increase the oral intake for these neonates to prevent fur- 
ther dehydration-induced significant hyperbilirubinemia 
72 hours after birth. Based on our results, BWL per- 
centage cutoff values of 4.48% on day 1, 7.60% by day 2, 
and 8.15% by day 3 were useful in predicting significant 
hyperbilirubinemia 72 hours after birth. We believe 
that this may be a helpful clinical tool when evaluating 
neonates with physical dehydration on the first three 
days after birth. 

For non-pathological hyperbilirubinemia infants, dehy- 
dration is thought to be the major factor [1-5]. However, 
there seemed to be low accuracy when measured by the 
AUC curve with BWL at 24, 48, and 72 hours. In addition, 
the positive and negative likelihood ratios were very close 
to 1, suggesting that they had low practical significance. 
The cutoff values we propose are based on higher specifi- 
city and higher positive likelihood ratio, as the purpose 
was to prevent further significant hyperbilirubinemia. Ac- 
cordingly, although BWL may not be an ideal predictor 
for significant hyperbilirubinemia, the results may be use- 
ful for physicians and parents as an indication of when 
extra feeding should be added. 

There are some limitations to the present study. First, 
we used two different methods of measuring total bili- 
rubin. Although the accuracy of a transcutaneous device 
has been proven, there may have been some deviation be- 
tween the two methods. Second, maternal and neonatal 
risk factors for hyperbilirubinemia were not addressed 
(time of cord clamping, diabetic mothers, information 
on the order of birth in each group, previous siblings 
with significant jaundice and preterm infants). Third, 
the difficulty in assessing the adequacy of intake in 
breastfeeding and the variable timing of shifting to 
mixed feeding made the line between two feeding 
groups more blurred. Fourth, the major limitation may 
have been that we didn't enroll more patients in the 
study. Finally, the study was performed in Taiwan and 
the cutoff values may not necessarily be applicable to 
other regions of the world. 



Conclusion 

In conclusion, BWL on the first three days after birth may 
be a predisposing factor for neonatal hyperbilirubinemia, 
and may also serve as a helpful factor to prevent signifi- 
cant hyperbilirubinemia 72 hours after birth. The optimal 
BWL cutoff percentages on the first three days after birth 
presented in this study may predict hyperbilirubinemia 
and indicate the need for supplementary feeding. 
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